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Abstract. We have identified in the 2MASS database 693 known and candidate globular clusters in M 31. The 2MASS 
/, H, K magnitudes of these objects have been transformed to the same homogeneous photometric system of existing near 
infrared photometry of M 31 globulars, finally yielding J, H, K integrated photometry for 279 confirmed M 31 clusters, 406 
unconfirmed candidates and 8 objects with controversial classification. Of these objects 529 lacked any previous estimate of 
their near infrared magnitudes. The newly assembled near infrared dataset has been implemented into a revised version of the 
Bologna Catalogue of M 31 globulars, with updated optical {UBVRI) photometry taken, when possible, from the most recent 
sources of CCD photometry available in the literature and transformed to a common photometric system. The final Revised 
Bologna Catalogue (available in electronic form) is the most comprehensive list presently available of confirmed and candidate 
M 3 1 globular clusters, with a total of 1 164 entries. In particular, it includes 337 confirmed GCs, 688 GC candidates, 10 objects 
with controversial classification, 70 confirmed galaxies, 55 confirmed stars, and 4 H n regions lying within ~ 3° from the center 
of the M 3 1 galaxy. Using the newly assembled database we show that the V - K color provides a powerful tool to discriminate 
between M 31 clusters and background galaxies, and we identify a sample of 83 globular cluster candidates, which is not likely 
to be contaminated by misclassified galaxies. 
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1. Introduction 

Globular clusters (GCs) are among the oldest astrophysical ob- 
jects known and they are found in galaxies of all morpho- 
logical types. Thus, globular clusters systems are extensively 
studied to recover fundamental information on the forma - 
1 tion and early ev olution of their host galaxies llHarrisil 1998a: 
lAshman & ZeD3.ll998.) . 

With present-day technology globular clusters can be fully 
resolved into stars down to below the Main Sequence (MS) 
Turn Off (TO) only if they reside in the neighbourhood of 
our o wn Galaxy (i.e., within ~ 150 kpc, see Buonanno et al., 
Il998 ). The evolved populations [Red Giant Branch (RGB) and 
Horizontal Branch (HB)] may be resolved in the outer regions 
of glob ulars out to ~ 1 Mpc with the Hubble Space Telescope 
(see Ri ch et allEool and references th erein), and a handful of 
bright RGB stars have been resolved bv lHarris et alJ (i 1998b.) in 
a few clusters of th e galaxy NGC 5128, at ~ 4 Mpc (but see 
iBrown et all l2003i for the improvements achievable with the 
new HST-ACS instrument). Therefore, to investigate the glob- 



ular cluster system of even relatively nearby galaxies we have 
to rely on their integrated properties, e.g., magnitudes, colors 
and spectral indices tHarris.il998a ). 

In this framework, the study of the GC system of the 
Andromeda galaxy (M 31) is of special importance, since it 
is the only case in which the integrated properties of globu- 
lar clusters, observed in conditions similar to those typical of 
farther galaxies, can be sensibly compared with their actual re- 
solved stellar populations. Hence, apart from the obvious inter- 
est in the early history of the largest galaxy of the Local Group, 
the M 3 1 system is the ideal testbed to check our ability to ob- 
tain coiTect estimates of metallicity and ages of extragalactic 
globulars from their integrated colors and spectra. 

The study of the M 31 GC system has a long and 

venerable history, sta rting with the first c atalogues of can- 

didates published by "Hubbl^ ( Il932i) and ISevf ert & Nassau! 

Il945). Since then, a number of authors have contributed to 

the dete ction, classification and analysis of M 31 globulars 
r-— ^ — T"«, ir: , . .'ii,„„jr- =^ — —I 
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data, mainly optical colors and spe ctral in dices (i.e., 435 entries 
in the catalogue by Barmbv et all l2000l) . Near Infrared (NIR) 
J, H, K photometry is available only for ~ 260 candidate clus- 
ters in the J and K passbands, and just for 127 i n H from the 
observations by Fro gel et al. ( 1980); Sitko ( 19 84l):lBonoli et alJ 
(ll987lll992h : ICohen & Matthewsilll994h : iBarmbv et al.l l l2000l 
I2OOII) . 

The Two Micron All Sky Survey (2MASS, ICutri et all 

l2003l) . providing J, H, K photometry of 99.998 % of the sky 
down to K ~ 15.5 (completeness > 99 % for K < 14.3), of- 
fers for the first time the opportunity of obtaining homogeneous 
NIR photometry for all the candidate GCs of M 3 1 within the 
limiting magnitude of the survey. 

In the present paper we exploit this opportunity, providing 
J, H, and K integrated magnitudes for 279 confirmed clus- 
ters ^ 406 unconfirmed candidates, and 8 objects for which 
the classification is controversial^. Near-IR photometry is less 
sensitive to interstellar extinction with respect to the classical 
optical colors and provides useful complementary information 
that may help for instance to disentangle the age-metallicity de- 
generacy (see lKissler-Patig et alll2002tlPuzia et"all 120021 and 
references therein). 

The plan of the paper is the following: in Sect. 2 we present 
the master list of candidate M 3 1 GCs we have used as a ref- 
erence catalogue (Master Catalogue), and we describe how the 
database of existing optical and NIR photometry has been as- 
sembled from the various sources in the literature; in Sect. 3 the 
actual search for counterparts of the Master Catalogue objects 
in the 2MASS database is described and discussed; Sect. 4 il- 
lustrates the power of the optical-NIR color index V - K in the 
discrimination between bona fide globular clusters and back- 
ground galaxies, in the range V-K < 3.0; in Sect. 5 the Revised 
Bologna Catalogue of candidate globular clusters in M 31 is 
presented and described. The main results of the present anal- 
ysis are summarized in Sect. 6. 

2. The Master Catalogue 

A reliable and complete catalogue of M 31 globulars based 
on modern CCD photometry has yet to be achieved even if 
limited to a quite bright threshold V = 18, i.e.. My ~ -7 
at the M 31 distance. This situation arises because of: (a) the 
large field of view covered by the M 3 1 GC system (more than 
9x9 deg in the sky, if extended out to ~ lOOkpc from the M 3 1 
center), (b) the possible contamination by foreground stars, 
other objects within M 31 i tself, and background galaxies (see 
IBattistini et"allll987iri993l and references therein), and (c) the 
variable apparent size of the candidates (ranging from 2 up to 
10 arcsec) often with a strong and highly variable photometric 
fore/background due to M 31 itself. Therefore, the available 
catalogues which we have assembled from different sources 

' Confirmation of the classification is usually obtained by spec- 
troscopic mea sures or by resolvin g the object into stars (see, e.g. , 
Federici et aliri 990. 1993; Huchra rtailll99lHBarmbv et alil2000t ; 
Racindll99iriRacine & Harris.. 1993) 

^ Controversial objects are those that have been classified as "con- 
firmed globulars" by some authors and as "confirmed galaxies" or 
stars by others. 



are necessarily incomplete and, to some extent, contaminated. 
Moreover, both the photometric and the spectroscopic data are 
generally not homogeneous. 

As a first step, we compiled a master list of the known can- 
didates that has been reported in the literature up to 2003, June . 
The list of the original Bologna catalogue dBattistini et all 
Il987l) has been implemented with (i) the lists of clus- 
ter ca ndid ates detected near th e nucleus by Battistini et al.j 
(I1993I) and lAuriere et al ] lll992h . (ii) the candidates found by 
iMocheiskaet al .'('l998') and, finally, (iii) the list of new can- 
didates found by Barmbv & Huchra (2001) searching M 31 
HST/WFPC2 images in the HST archive. 

The final database (hereafter the Master Catalogue, MC) 
includes 1 164 entries: 337 confirmed GCs, 688 candidate GCs, 
10 objects with controversial classification, 70 confirmed back- 
ground galaxies, 55 confirmed stars, and 4 confirmed H II re- 
gions. These objects are spread out over an area of more than 
3 ° x3 ° around the center of M 3 1 . The positions of all the entries 
are taken from the respective sources. We decided to include 
also previous candidates whose stellar or galactic nature has 
been (subsequently) observationally ascertained. Information 
about these objects may be useful (a) to avoid their re-discovery 
as candidate globulars and (b) to characterize the typical popu- 
lation of sources that may be misclassified as M 31 globulars. 

2.1. Optical Photometry 

The available photometric measures have been secured by 
the various authors using different devices and techniques: 
CCD and photoelectric photometry, photographic plates and, 
for several candidates, visual photometry obtained by eye. 
To assemble all this material as coherently as possible we 
ranked the sources of M 3 1 GCs photometry according to the 
adopted technique, choosing CCD photometry whenever avail- 
able. Lacking CCD photometry, photoelectric photometry was 
preferred to photographic photometry and the latter was pre- 
ferred to eye estimates based on photographic plates. We chose 
to include eye estimates to provide, at least, a guide for fu- 
ture observations of the candidates which lack any instrumen- 
tal photometry. When one cluster was present in two different 
sets of CCD photometry the source with the lower photometric 
uncertainty and/or providing the larger number of entries was 
preferred. 

In order to obtain a Master Catalogue with photometric 
measures as homogeneous as possi ble we have taken as a pho- 
tometric reference the dataset by iBarmbv et alJ ( l2000t their 
tab. 3), that gives homogeneous UBVRI data for 260 con- 
firmed GC and candidates. All other catalogues considered in 
the present compilation have been transformed to this refer- 
ence list by applying the offsets we derived from the objects 
in common between the considered catalogue and the list of 
Barmby et al. (see Macr inall2004i for details). The derived off- 
sets are reported in Table 1 and are in good agreement with 
what found bv .Barmbv et al.. (.2000,. see then' tab. 4 ) . In ca se of 
duplicated CCD observat ions from iBarmbv et all tOOd) and 
IBarmbv & Huchra ('2001') the average value has been adopted. 
The same approach has been adopted for duplicate photoelec- 
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Data Catalog 



AU 



AB 



AV 



AR 



AI 



CCD: 



PE: 



PG: 



B93 

RHH92/94 
M98 

SL83 
SL85+ 

B87 



0.00 
0.00 

0.00 (if U< 17.9) 



-0.37 
0.00 



0.00 
0.00 



0.00 (if B<18) 



0.00 
0.00 
0.00 

0.00 
0.00 

0.00 (if V< 16.5) 



-0.42 
0.00 



0.00 



0.00 



-0.27U-H4.8 (if U>17.9) -0.31B+5.64 (if B>18) -0.13V+2.17 (if V>16.5) -0.03r<.+0.16 



Reference: RHH92'Reed et al.'('l992'); RHH94'Reed et alJ h994 : B93|Battistini et al.7l993'); M98'Mocheiska et al.'('l998^; SL83 
[sharov & Lvutvi ( 1983); SL85+ Sharov & Lvutvi ( 1985) and succeeding papers; B87 Battistini et al. ( 1987);(*) unpublished I photographi( 
magnitudes (Federici & Fusi Pecci, private communicatio n). The indica ted offset have been applied to the photometries of the different 
sources to transform them into the photometric system of lBarmbv et alji200(l) . 



trie measures from Sharov '(Tots') and'Sharov & Lvutvi' '("1983'). 
No transformation is fea sible for the V eye ma gnitudes of the 
132 D class objects from lBattistini et al] ( Il980l) since this data 
set has too few objects (15) in common with other catalogues 
to der ive a reliable tra r isforrn ation. 26 objects taken from the 
list of ICrampton et alJ ll 19851) have no photometry from other 
sources, hence they lack optical photometry in the Johnson- 
Cousins system and the magnitudes provided by Crampton 
cannot be consistently transformed to the photometric refer- 
ence adopted here. 

Concerning the photometric errors, one has to refer to the 
original sources. Typical internal errors for the CCD and pho- 
toelectric magnitudes are less than 0.05 mag (0.08 in U); how- 
ever, the photometry of candidates affected by a strong back- 
ground in the inner M 3 1 regions typically has larger errors. For 
the photographic magnitudes the typical eiTors range from 0.05 
up to 0.20 mag, as shown by the comparisons with the CCD 
data in common. For the 15 objects with both eye-estimates 
and CCD or photoelectric photometry, comparison of V magni- 
tudes suggests that the typical uncertainty of the eye-estimates 
is +0.5 mag (Macrina, 2004). 

2.2. Near IR Photometry 

Though the observations were carried out with different se- 
tups (telescopes, filters, etc.), the existing NIR photometric data 
sets cFrogel et al.,.1980;.Sitko...l984: BonplLet_aL, 1987, 1992; 
ICohen & Matthews[ll994l) are in agreement to within the errors 
(see iBarmbv et al.L 1200(1 1200 ll) . These errors are fairly large: 
~ 0.1 mag in J, and ~ 0.2 mag in H and K. Hence the J, H, K 
magnitudes available before 2MASS can be considered as a 
virtually homogeneous set. In the compilation of the Master 
Catalogue, as a first step, we have therefore adopted for each 
object the average values of all the available measurements, 
obtaining J and K magnitudes for ~ 260 objects and H magni- 
tudes for 127 objects. 



2.3. Astrometry and Identifications 

The coordinates of the objects included in the MC are taken 
from the original sources. They were measured with slightly 
different reference frames and are thus affected by different in- 
ternal and systematic uncertainties. For this reason, performing 
the cross-correlation of the MC with the 2MASS database (de- 
scribed in Sect. 3), we had to check several cases of objects 
whose identification was not straightforward (see below). This 
analysis led to a few corrections of the original MC that are 
desciibed in the present section. 

Several direct checks carried out during t he preparation of 
HST and spectroscopic observations (see, i.e. 'Fu si Pecci et all 
.1996: Rich et al... 2003; Barmbv et al., 2002a) have confirmed 
that the averag e astrometric accuracy of the coordinates in the 
iBattistini et alJ (Il987lll993h catalogue is better than 1". 

For all A, B and confirmed C class objects from 
Battistini et al. ( 1987) with no 2MASS counterpart within 1" 
(see below) the coordinates have been checked on the Digitized 
Sky Survey (DSS-2) or on HST archive WFPC2/ST1S frames, 
when available. This last check was needed for the objects near 
the bulge or in regions with a very high background, which 
cannot be seen on the DSS-2 images. The MC coordinates have 
been verified also for all the objects that had JHK photometry 
in the MC, but that were not found in the 2MASS database (see 
below). The identification of these objects has been performed 
directly on the available images and their listed positions has 
been accordingly revised. 

In a few cases, we have found a discrepancy between 
the coordinates reported in the Bat tistini et al- (JJ'87) cata- 
logue and the corresponding finding charts. In particular, B472 
is the brig htest object ~ 18" SE of what reported in the 
IBattistini et al. ( 1987 ) finding chart, B453 is ~ 27" NE, B450 
is ~ 1 ' SE, and B 284 is ~ 3' S. Moreo ver, the coordinates of 
B288 and B 142 in 'Battist ini et al.l(ll987l) are wrong, the correct 
values are reported in Table 2. 
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NIR photometry for 693 globular clusters in M 3 1 



J-J„„= -0.040 ±0.189 



J-J,„- -0,059 =0.124 




2 20 40 

N 




H-H,„= -0.091 =0.250 



H-H„„= -0.097 ±0.128 
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12.5 13 13.5 14 



. 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 . 

: XSC : 


1 1 1 1 1 1 
: PSC 


' 1: 

N 


^ 1 1 1 1 . 1 1 11 11 1 1 , : 




1 1- 



Fig. 1. Residuals of the astrometric solution for PSC (filled 
circles) and XSC (crosses) sources. The histograms show the 
RMS of RA (top panel) and DEC (right panel). A circle of ra- 
dius r = I" has been superposed to the plot as a reference. 
The standard deviation of the distributions of the residuals in 
each directions (histograms) are also reported within the corre- 
sponding boxes. 



In iBattistini et alJ (Il987l) there are also a few wrong 
cross-identifications with previous catalogues. In table VII, 
G162 corresponds to SHll and G171 to SH12; as noted by 
[Sharov & Lvutvi ( 1983) G162 and G171 actuall y are SH I 2 and 
SHll, respectively. Moreover, in table IV of lRacind lll99ll) 
the object 231D-DA061 is actually 230D-DAO61 and in table 
V(b) DA095 is DA096. 

Finally, the visual check carried out on the HST 
WFPC2/STIS archival frames allowed a better classification of 
a few candidates. B123 and B 196 are clearly resolved into stars 
by HST, hence they have been classified as confirmed globular 
clusters; B261 is recognized as a foreground star while B329 
is a background galaxy. B445 and NB76 appear as good GC 
candidates, while B430 is probably a star, but the classification 
is not completely unambiguous in these cases. 

3. M 31 cluster candidates in the 2I\/IASS database 

3.1. 2MASS IR photometry of the objects 

The classification of unresolved globular clusters is a very hard 
task. Because of the round and compact appearance of unre- 
solved GCs at the typical resolution of ground-based images 
(~ 1"), both distant galaxies and foreground stars can be mis- 
classified as GCs. Given the low spatial resolution of the sur- 
vey, the automated classification pipeline of 2MASS has as- 
signed the M 31 GCs either to the Point Source Catalogue 



Fig. 2. Comparison between the 2MASS photometry and pre- 
vious NIR-photometry from the Master Catalogue. Left panels: 
2MASS sources identifyied in the XSC. Right panels: 2MASS 
sources identifyied in the PSC. The extended source are in left 
panel and the points source in righ panel. 



(PSC) or to the Extended Source Catalog (XSC), depending on 
their apparent sizes. Therefore we decided to search the objects 
of the MC in both catalogues. 

We selected from the 2MASS All-Sky Data Release all the 
sources within an area of 4° x 4° centered on M 3 1 from both 
the PSC and the XSC data-sets, excluding all entries flagged as 
low-quality or contaminated by nearby sources. A general as- 
trometric transformation between the MC and the 2MASS cat- 
alogues was found using the many entries in common as refer- 
ence. The astrometric solutions were refined in repeated itera- 
tions until a typical residual < 1" was achieved. The final cross- 
correlation between the MC and the PSC provided 597 identi- 
fications, while 179 MC objects have been cross-identified in 
the XSC. In both cases the identification was considered safe 
if a 2MASS source was found within 1" from the position of a 
MC entry (see Fig. 1). The identification of the sources found 
at distances larger the 1" from one MC entry has been checked 
by visual inspection and has been accepted only if there was no 
possible ambiguity. Note that most of the identifications with 
residuals larger than 1" regards XSC entries. Of the total of 
776 identified objects, 693 are confirmed or candidate globu- 
lar clusters, the remaining 83 are confirmed stars, H ii regions 
or galaxies^. More than one hundred of the confirmed or candi- 



The reported number of MC objects actually identified in the 
2MASS databases depends on the considered passband. For exam- 
ple the total number of confirmed and candidate clusters who have a 
couterpart in 2MASS are 693 in J, 675 in H and 620 in K; the number 
of objects who lacked any previous IR photometry are 529, 637 and 
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B7,9% within J-J,„=0.0±0.2 




12 14 16 

J 

87,9% within H-Hs,„ = 0.0^0.2 




12 14 16 

K 



Fig. 3. Comparison between the photometry of the final sam- 
ple (corrected PSC+XSC) and previous NIR-photometry. The 
dashed lines encloses the range of +0.2 mag. 

date GCs identified in the 2MASS databases have previous NIR 
photometry. In particular, 247 objects have previous J photom- 
etry, 122 have previous H photometry and 236 have previous K 
photometry. This large set of objects in common allows a sensi- 
ble comparison between the different photometries (see below). 
There are ~ 400 MC entries for which we cannot find a coun- 
terpart in the 2MASS catalogues. These include ~ 20 (the exact 
numbers depends on the considered passband) objects with pre- 
2MASS NIR photometry. Almost all of these are fainter than 
the limiting magnitude of the 2MASS survey. Final ly, the MC 
conta i ns 88 e ntries (from diff'erent sources, e.g..Batt stini et al.l 
Il987l Il993[ ICramnton et all Il985[ lAuriere et al.[ Il992l) that 
have no optical photometry. These include 7 confirmed GC, 
56 GC candidates and 25 confirmed stars/galaxies/H ii regions. 
We provide here J, H, K photometry from 2MASS for 30 of 
them, 19 of which being confirmed or candidate clusters. 

3.2. The IR photometric system and the adopted JHK 
magnitudes 

After a set of extensive tests of the diff'erent kind of magnitudes 
provided in the PSC and XSC catalogues (e.g. isophotal. Point 
Spread Function fitting, aperture), we decided to rely on the 
aperture photometry in both cases. Unfortunately, magnitudes 
measured with the same aperture were not available for both 

463 if we consider the J, H and K passband, respectively. For brevity 
and to avoid confusion, all over the paper we report only the num- 
bers referring to the J band measures. The corresponding numbers in 
the other passbands are similar, the exact numbers can be obtained by 
inspecting the catalogues presented in Tab. 2, 3 and 4 



catalogues; hence our final choice was to use the aperture pho- 
tometry within r = 4" for the PSC and r = 5" for the XSC. All 
the 2MASS magnitudes have then been transformed to the CIT 
photometric system (Frogel et al l [l978 : Elias, 1982, 1983) us- 
ing the color transformations provided by Carpenter ( 2001 ). 

Fig. 2 shows the comparison between the 2MASS photom- 
etry and the previous NIR photometries as adopted in the MC 
for the sources identified in the XSC (left panels) and in the 
PSC (right panels). In all cases the average absolute diff'erence 
is < 0.1 mag and the rms scatter around the mean is < 0.2 mag. 
No residual color effect has been detected. 

There are small systematic shifts determined from Fig. 2, 
probably due to the difference in the adopted radius of the aper- 
ture. These have thus been applied to the 2MASS photometry 
to put all of the measures to the same photometric calibration 
adopted in the MC. 

In Fig. 3 the JHK photometry of the total sample (obtained 
by merging the corrected magnitudes from the PSC and XSC) 
are compared with the previous NIR photometry from the MC. 
As can be seen, (a) the corrected magnitudes from both the 
PSC and the XSC form a homogeneous set, and (b) for the 
vast majority of the candidates the difference between cor- 
rected 2MASS photometry and previous photometries is less 
then +0.2 mag in all passbands, i.e., of the order of the intrinsi- 
cal uncertainties of pre-2MASS NIR measures. The few objects 
displaying a difference larger that ^ 0.5 mag has been checked 
by visual inspection of DSS images. All of them lie within 
~ 8 - 11" of another source of similar or larger luminosity, 
hence their magnitude estimates may be influenced by the con- 
tamination of the close companions. The above procedure has 
provided JHK photometry for 529 objects for which no previ- 
ous NIR photometry was available. In particular, the final cata- 
logue contains homogeneous NIR data for 291 confirmed GCs, 
412 candidates, 8 controversial objects, 58 confirmed galaxies, 
23 confirmed stars and 3 H ii regions. In conclusion, the NIR 
photometric dataset of the M 3 1 GC candidates has been nearly 
tripled by the present work. 

4. NIR-optical color-color diagrams: A powerful 
tool for a preliminar classification 

The knowledge of integrated colors offers a wealth of informa- 
tion on any stellar population, and in particular, may be quite 
useful for classification purposes. Here we show that the avail- 
able data on integrated colors may be used in many cases to dis- 
criminate between star clusters and background galaxies thanks 
to the large baseUne provided by optical-infrared colors. 

Various color-color diagrams with V - K vs. optical colors 
are presented in Fig. 4 where small points are confirmed M 31 
globulars, and filled circles are the confirmed galaxies that are 
present in our Master Catalogue. These galaxies should be typ- 
ical of the background galaxies that can contaminate the set of 
candidate M 31 GCs. In each panel of Fig. 4 (as well as in Fig. 5 
below) the aiTow indicates the reddening vector corresponding 
to E{B - V) = 0.1 to illustrate quantitatively the effects of the 
interstellar exctinction. 

There are two remarkable features in Fig. 4: (1) the con- 
firmed GCs (points) span a range of more than 3 magnitudes in 
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Fig. 4. V - K vs. various optical colors for the confirmed globular clusters (small points) and for the confirmed galaxies (filled 
circles). 



V -K, much larger than in optical colors (also due to the larger 
impact of the reddening in V - K); (2) the vast majority of con- 
firmed galaxies (filled circles) has V - K > 3.0, while ~ 50% 
of confirmed globulars are bluer than this limit, reaching colors 
as blue asV - K ~ 1.2. 

Therefore the V - K colors provide a useful discriminant 
to separate good candidate clusters from background galaxies. 
This should lead to higher efficiency in observational programs 
aimed at assessing the classification of clusters in M 31, since 
it is very unlikely that a candidate having V - K < 3.0 could 
be a misclassified background galaxy. On the other hand, fore- 
ground stars that may be erroneously classified as candidate 
M 3 1 globulars span the whole range of V - K colors covered 
by confirmed clusters. Therefore, while the above criterion is 
very valuable for the galaxy/cluster discrimination, it is inef- 
fective in the star/cluster separation. 

It may also be useful to note that most of the clusters having 
V-K > 4.0 lie in a region of the M 3 1 disk that s eems to be af- 
fected by higher extinction (Bar mbv et allEoOOl) . The isolated 
cluster atV-K> 5.0 is B037. Its very red color is probably 
due to a color excess E(B - V) > 1.0 mag (in which case this 
may be the brightest globular of the whole M 3 1 system, see 
iBarmbv et al'll200 2b'. for discussion and references), or to con- 
tamination by a bright and cold star accidentally superposed to 
the cluster. Th e confirmed galaxy at V - K ~ 2.75 is B136D 
(confirmed bv lHuchra et all 1991), the one atV-K~ 1.5 is 
B390 (classified as galaxies bv .Racine..l991.) . 



Making use of the indications drawn from the plots pre- 
sented in Fig. 4 for the confirmed clusters and galaxies, one 
can apply the above criterion to get useful hints on the nature 
of candidates whose classification is uncertain. In Fig. 5 we 
show the same color-color diagrams as in Fig. 4 for the not- 
yet-confirmed candidate GCs (small open circles) in our Master 
Catalogue and for the four controversial objects (filled squares) 
classified as "cluster" by some authors and as "galaxy" by oth- 
ers. It can be readily seen that most candidates have colors con- 
sistent with those typical of background galaxies (V-ZT > 3.0), 
hence it can be reasonably deduced that many of them are in 
fact misclassified galaxies. On the other hand, 83 candidates 
have 1.2<V-K<3.Q and, according to the above discussion, 
the contamination of this sub-sample by background galaxies 
should be negligible. A spectroscopic campaign on these blue 
candidates would probably be very rewarding in terms of con- 
firmation of bona fide clusters per observed candidate. On the 
other hand, it has to be recalled that the criterion introduces an 
obvious bias against intrinsically red and/or highly reddened 
clusters, hence it cannot be considered as a suitable method to 
select complete samples of candidate clusters. 

The controversial candidates G2 68, B409, G355 and B 140 
have been classified as galaxies by iRacind ('l99l'), base d on 
high re solution ground base d imaging, while ^ F ederici eTall 
(199Cj); iHuchra et alJ ( Il99ll) : IPerrett et alJ ( l2002l) classified 
them as globular clusters on the basis of spectroscopical ob- 
servations. All these candidates have V - K < 3.0, hence their 
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Fig. 5. V - K ws. optical colors for the not-yet-confirmed candidates globular cluster (small open circles) and for controversial 
objects that have been classified as clusters by some authors and as galaxies by others (filled squai-es). 



V-K c olo rs seem to confirm th e classification bv lFederici et alJ 
11199 0) and Perrett et al. ( 2002). For the other four controversial 
candidates not mentioned here, the controversy is between the 
classification as a cluster or as a star, hence the doubt cannot be 
resolved with the presently adopted criterion. 

5. The Revised Bologna Catalogue 

The MC described in Sect. 2, implemented with the new set 
of NIR magnit udes obtained f r om 2 MASS constitutes a new 
version of the iBattistini et alJ (|l987) catalogue: the Revised 
Bologna Catalogue of candidate GCs in M 31. The Revised 
Bologna Catalogue includes 337 confirmed GCs, 688 GC can- 
didates, 10 objects with controversial classification, 70 con- 
firmed background galaxies, 55 confirmed stars and 4 H n re- 
gions. The whole catalogue is organized in three different ta- 
bles, all of them made available at the CDS in electronic form. 

Identifications and adopted coordinates are reported in 
Table 2, that contains the following columns: 

- Column 1: Designation derived from th e object 
coordinates, following iBarmbv & Huchral ( l200ll) 
(M31JHHMMSS+DDMMSS) 

- Colum n 2: De signation: B and BxxxD fr o mlBattistini et alJ 
lll980l Il987h. G from ISargent et alJ ill 9771). V from 
IVetesnikI h9^). DAP from ICram oton et aU ('1985'), 
NB from iBattistini et alJ lll993l) . AU from .Auriere et al.i 



(Il992h. M from iMocheiska etall ( Il998l). BH from 
■'"""^'' " nSharov&T,vutvil 



'Barmbv & Huchra' 



('2001'), SH from 

119831 BA fromBaade & Arp (X964)) 
- C olumn 3-12: Differen t identifications , respec ti vely from 

fittistini et al. ' ('1987'); "S argent et al. ' fwrh; 'VetesnikI 
962 ) ; Battistini et al. (1993); Auriere et al. (1992) ; 



ICrampton et alJ (Il985l): iBaade & Anj (Il964t); SharoyI 
lll973l) : lMocheiska et alJlll998l) : lBarmbv & Huchral 1 I2OOII) 



- Column 13: Classification flag describing the nature of the 
entry (1: confirmed GC, 2: GC candidate, 3: controversial 
object, 4: confirmed galaxy, 5: confirmed H 11 region, 6: 
confirmed star) 

- Colu mn 14: Classi fi catiori from the origi n al pa - 
pers ('Battistini et al.' ('l987h: IMocheiska et alJ ll 19981) : 
Bjxmby & Huchra (2001)) 

- Column 15: Spectroscopic confirmation: C - cluster, G - 
galaxy, S- star, H - H 11 region 

- Column 16: Confirmation via high resolution imaging: C - 
cluster, G - galaxy, S - star, H - H n region 

- Column 17: comments and references 

- Column 18 and 19: RA, Dec (J2000) from the original cat- 
alogues or from DSS-2 or from HST/WFPC2 images (see 
Sect. 3). 

- Column 20: Sources of the adopted coordinates. 

The adopted photometric data have been collected and are 
hsted in Table 3 for all the confirmed and candidate globu- 
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lar clusters, and in Table 4 for all the objects confirmed to be 
galaxies, stars or H n regions. The two tables have the follow- 
ing columns: 

- Column 1 : Designation, as in Table 2 

- Column 2: Classification, as column 12 in Table 2 

- Columns 3-10: U, B, V, R, I, J, H, K magnitudes (see 
Sect. 2) 

- Column 14: Sources of the adopted optical data and NIR 
pre-2MASS. 

The entries associated to the object listed in Tab. 4 are re- 
ported at the end of Tab. 2. In this way Tab. 2 can be easily 
combined with Tab. 3 and Tab. 4 to obtain tables including po- 
sitions and photometric properties of "candidate GC only" and 
"confirmed contaminant objects only". 

6. Summary and future prospects 

We have compiled a Master Catalogue of M 3 1 globular clus- 
ter candidates including 1 164 entries and we have searched the 
counterparts of the MC objects in the NIR 2MASS databases. 
We have found 776 2MASS counterparts, 693 of which cor- 
respond to confirmed or candidate M 31 GCs. In this way we 
have provided integrated J, H, K magnitude for 529 objects 
for which no previous NIR photometry was available. 

Moreover, we have collected and revised all the available 
photometries, yielding a final adopted list of U BVRIJHK mag- 
nitudes as homogeneous as possible. The classification of a 
few candidates has been assessed by inspection of HST images 
and a few controversial cases have been reconsidered. With 
all the newly collected material, we have up dated the origi- 
nal Bologna Catalogue feattistini et al.', '1987*) so obtaining the 
Revised Bologna Catalogue (RBC). The RBC is the most com- 
prehensive list presently available of candidate M 3 1 clusters, 
including 1035 confirmed and candidate GCs, 70 confirmed 
galaxies, 55 confirmed stars, and 4 H ii regions previously con- 
sidered possible GC candidates, for a total of 1 164 entries. The 
Bologna Revised Catalogue is currently in use to prepare obser- 
vational programs aimed at increasing the sample of bona-fide 
M 3 1 globular clusters and to study the integrated properties of 
the whole globular clusters system of M 3 1 . 

It has also been shown that optical-infrared colors may be 
very valuable in the discrimination between background galax- 
ies and bona fide globular clusters for V - K < 3.0. According 
to this criterion, we can extract from the RBC a sub-sample of 
83 objects whose contamination by misclassified background 
galaxies is (probably) very low. 
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